(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

1 9.09.2001 Bulletin 2001/38 

(21) Application number: 01103543.3 

(22) Date of filing: 16.02.2001 



(H) EP 1 134 548 A2 

EUROPEAN PATENT APPLICATION 

(51) intci* G01C 15/00, G01B 11/27 



(84) Designated Contracting States: 


(72) Inventor: Araujo, Carlos 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


5 Ye Olde Road, Danbury, CT 06810 (US) 


MC NL PTSETR 


Designated Extension States: 


(74) Representative: Miiller-Bore & Partner 


AL LT LV MK RO SI 


Patentanwalte 




Graf inger Strasse 2 


(30) Priority: 10.03.2000 US 188415 P 


81671 Miinchen (DE) 


(71) Applicant: HAMAR LASER INSTRUMENTS, Inc. 




Danbury,CT 06810 (US) 





(54) Laser alignment system with plural lasers for impingement on a single target 



(57) A laser alignment system is provided. The sys- 
tem includes a plurality of lasers which are sequentially 
operative for producing first and second laser beams 
that are parallel to one another. The system further in- 
cludes a target assembly. The target assembly includes 
lenses and mirrors disposed such that the first laser 
beam impinges directly on the target to provide dis- 



placement data. The second laser beam is focused and 
reflected so that the focal point of the reflected second 
beam impinges on the target. In a similar manner, a third 
parallel beam may be provided and may be focused to 
impinge on the target. Additionally, the plural laser 
beams may be substituted for by a single laser plane. 
The second and/or third beams provide alignment data, 
while the first beam provides displacement data. 




FIG. 1A 
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Description 

Cross Reference to Related Applications 

[0001] This application claims the benefit of the filing 
date of Provisional Patent Application, U.S. Serial No. 
60/1 88,41 5 filed March 1 0, 2000, the disclosure of which 
is incorporated herein by reference. 

Background of Invention 

[0002] 

1 . Field of the Invention. The subject invention re- 
lates to a laser alignment system which compnses 
a plurality of lasers , a target and a computer for con- 
troll ing operation of the lasers and for analyzing sig- 
nals produced by the targets. 

2. Description of the Related Art. Many manufactur- 
ing processes require the alignment of a plurality of 
parts that are spaced from one another. For exam- 
ple, a rotating tool may require a specified align- 
ment to a workpiece for boring a hole in the work- 
piece or for taping threads into a previously bored 
hole. In other situations, arrays of rotors or stators 
must be precisely aligned to the axis of a turbine. In 
still other situations, sheaves or pulleys of a ma- 
chine tool should be mounted to rotational axes that 
are precisely parallel to one another at specified 
distances and with the sheaves in a common plane. 
Other manufacturing processes require parts to be 
assembled at specified positions relative to refer- 
ence planes. For example, seats and storage bins 
on large aircraft should be accurately positioned rel- 
ative to horizontal and vertically aligned planes ex- 
tending along the length of the aircraft. 

[0003] Historically, most of the above-described align- 
ment has been carried out with purely mechanical de- 
vices, such as bubble levels, or by purely optical devic- 
es, such as sight gages. However, a very effective prior 
art apparatus for checking alignment includes a laser 
emitter and a photosensitive target. The laser emitter 
produces a perfectly straight beam that is not affected 
by gravity. The target is operative to generate signals 
that identify the center of energy of the laser beam im- 
pinging on the target. The target of the prior art laser 
alignment system typically is connected to a computer 
which calculates certain displacement and alignment in- 
formation based on the signals produced by the target. 
This prior art system is used by mounting the laser to a 
fixed location and by mounting the target to a specified 
location on a part that must be aligned. A very simple 
but effective apparatus for aligning a rotating tool to a 
master part or workpiece is disclosed in U.S. Patent No. 
4,566,202 which is assigned to the assignee of the sub- 
ject invention. 



[0004] Some prior art laser apparatus include a penta- 
prism which is operative to receive an input laser beam 
and to reflect that input laser beam through precisely 90 
°. The penta-prism then may be rotated about the axis 
5 defined by the input laser beam. Thus, the output laser 
beam effectively sweeps a flat laser plane that is per- 
pendicular to the input laser beam. The plane produced 
by the rotating laser defines a frame of reference. A plu- 
rality of targets then may be positioned in the reference 
10 plane, and the locations of those targets can be meas- 
ured precisely relative to the reference plane. A laser 
apparatus with a rotating penta-prism for sweeping a flat 
optical plane is shown in U.S. Patent No. 4,297,031 
which is assigned to the assignee of the subject inven- 
ts tion. U.S. Patent No. 4,297,031 also shows the above- 
referenced plurality of photosensitive targets mounted 
at locations to be impinged upon by the rotating output 
laser. 

[0005] The assignee of the subject invention also is 
20 the owner of U.S. Patent No. 5,307,368 which is directed 
to an apparatus for simultaneously generating a plurality 
of mutually perpendicular planes. The device shown in 
U.S. Patent No. 5,307,368 enables targets to be placed 
in each of the mutually perpendicular planes for posi- 
25 tion ing an object relative to those planes. 

[0006] The above-described prior art laser alignment 
systems typically employ a plurality of targets for defin- 
ing position and alignment relative to at least one plane 
swept by at least one rotating output laser beam. For 
so example, a plurality of photosensitive target cells have 
been used in the prior art to assess both displacement 
and angular misalignment. 

[0007] In recent years, low cost, low accuracy laser 
alignment systems have entered the market. The avail- 
35 ability of a lower cost, albeit poorer quality, laser align- 
ment system has created a market pressure to decrease 
the cost for the high quality laser alignment systems. 
During this same time span, the cost of photosensitive 
target cells has remained high, and in some instances 
40 has increased. Hence, the cost for photosensitive tar- 
gets in a laser alignment system that requires plural tar- 
gets limits the ability to respond to market pressures for 
lower cost alternatives without sacrificing accuracy or 
the quality of workmanship. Simultaneously, however, 
4 * the cost of lasers has decreased significantly. 

[0008] In view of the above, it is an object of the sub- 
ject invention to provide a low cost, high quality laser 
alignment system. 

[0009] Another object of the subject invention is to 
provide a laser alignment system that enables an as- 
sessment of displacement and angular alignment errors 
with a single target. 

[0010] A further object of the subject invention is to 
provide a laser alignment system with plural laser 
beams and a single target for assessing displacement 
and angular alignment. 
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Summary of Invention 

[0011] The subject invention is directed to a laser 
alignment system comprising a plurality of lasers and a 
light and position-sensitive target cell. A control system 
may be provided for turning the lasers on and off se- 
quentially. Thus, the single light and position-sensitive 
target cell is operative to sequentially generate signals 
indicative of locations at which the respective laser 
beams impinge upon the target cell. The control system 
may further be connected to the target cell for receiving 
signals produced by the target cell and for analyzing the 
signals to provide position and alignment information. 
[0012] The system of the subject invention may in- 
clude first and second lasers and a beam splitter The 
beam splitter may be positioned in proximity to the single 
light and position-sensitive target cell. In particular, the 
beam splitter may be disposed such that a first beam 
produced by the first laser passes through the beam 
splitter and impinges upon the target cell. As the target 
cell is moved relative to the first beam, vertical and hor- 
izontal position signals are generated. The second laser 
produces a second beam that is aligned generally par- 
allel to the first beam. The system further includes a mir- 
ror disposed to align with the second beam. The mirror 
reflects the beam to the beam splitter which further re- 
flects the beam onto the light and position-sensitive tar- 
get cell. Additionally, the system may include a lens dis- 
posed between the source of the second beam and the 
mirror. Thus, the second beam is focused by the lens 
and is directed toward the mirror. The combined optical 
distance from the lens to the mirror, from the mirror to 
the beam splitter and from the beam splitter to the target 
cell is selected to substantially equal the focal length of 
the lens. Thus : the second beam will substantially focus 
on the single light and positioncell in the target assem- 
bly. 

[0013] When the first laser is turned on, the first beam 
acts as a position measuring device that generates X- 
axis and Y-axis (horizontal and vertical) position signals 
to indicate displacement of the target assembly relative 
to the incoming first laser beam. When the second laser 
is turned on, the target acts as an angle sensitive target 
in both pitch and yaw. Additional readings of the cell are 
taken a short time after each of the center or angle read- 
ings. These readings constitute background light read- 
ings and are subtracted from the respeclive readings 
when the laser is on. The result is a compensation for 
the background light that is also falling on the target cell. 
[0014] An alternate embodiment of this invention in- 
cludes a lens, a quarter wave plate, a mirror and first 
and second lasers. The first laser produces a first beam 
that passes straight through the lens. The lens starts to 
focus the beam on the cell. The second laser produces 
a second laser beam that is parallel to or off -axis relative 
to the first beam. The second beam passes through the 
lens, hits the mirror, reflects back to the polarizing beam 
splitter coating on the back of the lens and further re- 



4 

fleets to focus on the cell. The second beam is the angle 
beam and the combination of the lens, the mirror and 
the polarizing beam splitter coating constitutes a system 
that ends up focusing the second beam on the surface 
5 of the target cell. This combination acts as a collimator. 
The cell cooperates with the second beam to measure 
the angle of the target axis relative to the second beam. 
The first beam, on the other hand, goes straight through 
the lens and is partially focused. The first beam and the 
10 cell act as a center measuring device and provides sig- 
nals indicative of X-axis and Y-axis (horizontal and ver- 
tical) position or displacement. If the target is moved lat- 
erally or perpendicular to the first beam, then position 
information is read from the target cell substantially as 
*5 in prior art targets. The problem with the system as de- 
scribed above is that the partial focusing means also is 
partially sensitive to angle. A conventional target with 
no lens measures center, but is not sensitive to angle. 
However, in the subject invention, due to the fact thai 
angle is measured, the center reading can be corrected 
for any angle. . 

[0015] The primary advantage of this latter embodi- 
ment is that the combination of the first beam and the 
lens of the cell act such that spot size is reduced in di- 
ameter. This effectively increases the cell size, and 
hence the range of measurement is increased. The 
amount of the increase is proportional to the ratio of the 
focal length of the lens divided by the distance from the 
nodal point of the lens to the surface of the cell. As noted 
above, position sensitive target cells can be expensive, 
especially for larger sizes. Smaller cells, however, are 
relatively inexpensive. Thus, an advantage of the sys- 
tem described above is that a small cell can behave as 
if it were physically much larger by the ratio of the two 
distances, as long as resolution is adequate. Thus, the 
above-described combination uses a very economical 
method of achieving larger measurement ranges. 
[0016] The second beam is focused onto the photo- 
sensitive target, as described above. In particular, the 
lens of the above-described system is a plano-concave 
lens with a polarizing sensitive 50%-50% beam splitter 
coating on the plane or flat side of the lens. A polarizing 
sensitive coating will transmit almost 1 00% of P polari- 
zation and almost totally reflect S polarization. The 
plane of polarization of both the first and second beams 
are rotated so that approximately 100% of their light is 
transmitted. In this embodiment, a quarter wave plate is 
aluminum, Al, coated on the back to form a mangrin mir- 
ror. A quarter wave plate will take a plane polarized 
beam and turn it into a circularly polarized beam. Upon 
reflection, the beam will change "hand" from right circu- 
larly polarized to left hand. As the second beam passes 
again through the quarter wave plate, it is changed from 
circularly polarized light back to linear, but is rotated 90°. 
The second beam then reflects 1 00% off the back of the 
lens and focuses on the lens. 
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Brief Description of Drawings 

[001 7] FIG. 1 A is a schematic view of a first embodi- 
ment of a target assembly in accordance with the sub- 
ject invention. 5 
[0018] FIG. 1 B is a schematic view of a modified ver- 
sion of the first embodiment of a target assembly in ac- 
cordance with the subject invention. 
[0019] FIG. 2A is a schematic view of a second em- 
bodiment of a target assembly in accordance with the 10 
subject invention. 

[0020] FIG. 2B is a schematic view of the second em- 
bodiment of a target assembly in accordance with the 
subject invention employing a single laser plane in lieu 
of plural lasers. is 
[0021] FIG. 3 is a schematic view of a third embodi- 
ment of a target assembly in accordance with the sub- 
ject invention. 

[0022] FIG. 4 is a front elevalional view of a 14 wave 
plate of a target assembly in accordance with the subject 20 
invention. 

Detailed Description 

[0023] A laser alignment system in accordance with 25 
the subject invention is identified generally by the nu- 
meral 10 in FIG. 1A.The laser alignment system 10 in- 
cludes first and second laser emitters 12 and 14 which 
are operative to produce first 13 and second 15 laser 
beams that are parallel to one another. The lasers 12 30 
and 14 are connected to a control system identified gen- 
erally by the numeral 16. The control system 16 is op- 
erative to sequentially power the lasers 12 and 14 so 
that only one of the first and second lasers 1 2 and 14 is 
on at the same time. Additionally, the control system 1 6 35 
preferably is operative to leave an elapsed time between 
the termination of power to the first laser 12 and the 
switching of power to the second laser 14. The elapsed 
time between the powering of the first and second lasers 

12 and 1 4 enables the system 10 to assess and com- *o 
pensate for background light. 

[0024] The laser system 10 further includes a target 
assembly 20. The target assembly 20 includes a light 
sensitive target cell 22, a beam splitter 24, a filter 27 and 
a mirror 28. The light sensitive target cell 22 is disposed 
to align substantially with the first laser beam 13 pro- 
duced by the first laser 12. The beam splitter 24 is dis- 
posed between the light sensitive target cell 22 and the 
first laser 12. Thus, the first laser beam 13 will pass 
through the beam splitter 24 and impinge upon the light so 
sensitive target cell 22. Impingement of the first beam 

1 3 on the light sensitive target ceil 22 produces the elec- 
trical signals that are indicative of X and Y coordinates 
of the center of energy of the first laser beam 13 imping- 
ing upon the light sensitive target cell 22. The light sen- 55 
sitive target cell 22 is connected electrically to the con- 
trol device 16, and signals produced by the light sensi- 
tive target cell 22 in response to impingement by the first 



beam 13 are used to provide X-axis and Y-axis position- 
al data indicative of displacement of the target assembly 
20 relative to the fixed reference line defined by the first 
beam 13. 

[0025] The mirror 28 is spaced a selected distance 
from the filter 27, preferably made of red glass, and is 
disposed to be impinged upon by the second laser beam 
1 5. The mirror 28 is aligned at an angle so that the sec- 
ond laser beam 15 is reflected from the mirror 28 onto 
the rear face of the beam splitter 24. The beam splitter 
24 also is angularly aligned relative to the axes of the 
first and second laser beams and is substantially parallel 
to the mirror 28. As a result, the beam splitter functions 
to reflect at least a portion of the second beam 1 5 toward 
the light sensitive target cell 22. The target cell 22 will 
produce Xand Y-axis coordinate data to identify the lo- 
cation at which the second laser beam impinges 15 on 
the light sensitive target cell 22. In this instance, how- 
ever, the positional information corresponding to the X 
and Y coordinates of the center of energy of the second 
laser beam 15 on the light sensitive target cell 22 pro- 
vides angular alignment information that corresponds to 
pitch and yaw of the target ceil plane relative to the axis 
defined by the second laser beam 15. The control sys- 
tem 1 6 uses signals produced sequentially and alter- 
nately by impingement of the first and second laser 
beams on the light sensitive target cell 22 to provide dis- 
placement errors and angular alignment errors or to pro- 
vide correction information to bring the target cell 22 into 
a proper location and a proper alignment. 
[0026] FIG. 1 B shows a modified version of the laser 
alignment system 10 employing a lens 26 in lieu of filter 
27. The lens 26 is disposed to be impinged upon by the 
second beam 15 produced by the second laser 14. The 
lens 26 has a specified focal length and functions to fo- 
cus the second laser beam 1 5 at a location spaced from 
the lens 26. The mirror 28 is spaced a selected distance 
from the lens 26 and is disposed to be impinged upon 
by the partly focused second laser beam 15. The com- 
bined optical distances from the lens 26 to the mirror 28, 
from the mirror 28 to the beam splitter 24 and from the 
beam splitter 24 to the light sensitive target 22 is sub- 
stantially equal to the focal length of the lens 26. Thus, 
the second laser beam is focused substantially onto the 
target cell 22. 

[0027] FIG. 2A shows a second laser alignment sys- 
tem 30 that is structurally and functionally similar to the 
laser alignment system 10 shown in FIGS. 1A and 1 B. 
The laser alignment system 30 differs from the laser 
alignment system 1 0 in that it includes first, second and 
third lasers 32, 34 and 36 respectively for producing first, 
second and third laser beams 33, 35 and 37 respective- 
ly. A control system 38 is provided for sequentially pow- 
ering the first, second and third laser beams 32 ; 34 and 
36 substantially as described above. 
[0028] A target assembly 40 is provided and includes 
a single light sensitive target cell 42. The target assem- 
bly 40 further includes first and second mirrors 48 and 
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49 and first and second beam splitters 44 and 45, in the 
form of mirrors. The first beam 33 produced in the sys- 
tem 30 is aligned to impinge directly on the target cell 
42 without focusing. Thus, the first beam 33 in the laser 
alignment system 30 functions substantially as the first 
beam 13 in the laser alignment system 1 0 to provide X- 
axis and Ypositional data. The mirrors 48 and 49 and 
the beam splitters 44 and 45 function to reflect the sec- 
ond 35 and third 37 beams onto the light sensitive target 
cell 42. Additionally, the relative dimensions and spac- 
ings of the components of the target assembly 40 are 
such that the second 35 and third 37 laser beams are 
substantially focused onto the light sensitive target cell 
42. The second 35 and third 37 beams function as if the 
readings made by the light sensitive target cell 42 are 
made from targets that are located directly behind the 
mirrors and axially aligned with the second 35 and third 
37 beams approaching the target assembly 40. Thus, 
the target assembly 40 functions as if there were three 
target cells disposed at the respective corners of a tri- 
angle, and preferably the corners of an equilateral trian- 
gle. Readings made by the target cell 42 from the sec- 
ond 35 and third 37 laser beams can be substracted 
from one another, and the difference provides an indi- 
cation of pitch errors. The average of the readings made 
by the target cell 42 from the second 35 and third 37 
beams define displacement errors relative to the plane 
defined by the second 35 and third 37 laser beams. Yaw 
alignment errors can be calculated based on the differ- 
ence between readings taken by the target cell 42 based 
on the first laser beam 33 and the average of the read- 
ings taken by the second 35 and third 37 beams. Dis- 
placement errors are based upon actual readings based 
on the first beam 33. Thus, the laser alignment system 
30 includes three relatively inexpensive lasers and a sin- 
gle fairly expensive light sensitive target cell to provide 
displacement data and alignment data relative to two ax- 
es at substantially lower costs than prior art systems that 
require a plurality of fairly expensive light sensitive tar- 
get cells. 

[0029] FIG. 2B shows a modified version of the sec- 
ond laser alignment system 30 where a penta-prism 31 
is employed to generate a scan plane 39 instead of plu- 
ral lasers producing individual laser beams. As the scan 
plane sweeps pass the target 41, the first mirror 48 re- 
flects beam 35", which serves the same purpose as la- 
ser beam 35 described above. Laser beam 37" is simi- 
larly reflected from second mirror 49. Penta-prism 31 
and target assembly 41 provide the same functionality 
and follow the same operating principles as described 
above with respect plural laser 32, 34, 36 and target as- 
sembly 40. 

[0030] A third laser alignment system is identified 
generally by the numeral 50 in FIG. 3. The third laser 
alignment system 50 is similar to the first embodiment 
in that first and second lasers 52 and 54 are provided 
for generating first 53 and second 55 parallel laser 
beams. The laser alignment system 50 also may include 



a control system 56 which is operative to sequentially 
power the lasers 52 and 54. Furthermore, a target as- 
sembly 60 is provided with a single light sensitive target 
cell 62. In other respects, however, the laser alignment 

5 system 50 differs significantly from the first and second 
embodiments. In particular, the target assembly 60 in- 
cludes a lens 64, a polarizing beam splitter 70 and a 
mirror 66 with a quarter wave plate 68. The first laser 
beam 53 is aligned to pass centrally through the lens 

10 64. The lens 64 starts to focus the beam on the cell 62. 
However, the distance between the lens 64 and the cell 
62 is substantially less than the focal length, length "a", 
of the lens 64. The second beam 55 is parallel to the 
first beam 53 : but is offset from the axis of the lens 64. 

is The second beam 55 is partly focused by the lens 64 
and strikes the mirror 66 at an angle. The mirror 66 re- 
flects the second beam 55 back to the lens 64. The rear 
face of the lens 64 has a polarizing beam splitter 70 coat- 
ed thereon and further reflects the second beam 55 back 

20 to the target cell 62. The combined optical length of the 
second beam 55 from the lens 64 to the mirror 66, from 
the mirror 66 back to the lens 64 and from the lens 64 
to the target cell 62 substantially equal the focal length, 
"a M , of the lens 64. The target cell 62 identifies the posi- 
es tion at which the second beam 55 impinges thereon. 
This positional information for the focused second beam 
55 is used to identify angular alignment errors. 
[0031 ] If the target assembly 60 is moved laterally per- 
pendicular to the first beam 53, then position information 

30 is read from the target cell 62 as described above. How- 
ever the partial focusing of the first beam that is caused 
by the lens 64 means that the target cell 62 also is par- 
tially sensitive to angle. In this regard, a typical prior art 
laser alignment system for measuring displacement is 

35 not sensitive to angle. However, in view of the fact that 
the target assembly 60 also measures angle based on 
the second beam 55, the center reading made with the 
first beam 53 can be corrected for any angle data deter- 
mined with the second beam 55. This correction in- 

to volves a simple algorithm to be performed by the control 
system 56 connected to both the lasers 52 and 54 and 
to the target cell 62. 

[0032] A significant advantage of the target assembly 
60 is that the combination of the first beam 53 and the 

45 lens 64 act to reduce the cross-sectional diameter of the 
first beam 53. This has the same effect as increasing 
the area of the target cell 62. Thus : the range of meas- 
urement is increased. The amount of the increase is pro- 
portional to the ratio of the focal length, "a"', of the lens 

so 64 divided by the distance, "b", of the nodal point 72 of 
the lens 64 to the surface of the target cell 62. In the 
illustrated example of FIG. 3, the target cell 62 has an 
effective size of 1 6 x 1 6 mm even though the actual size 
of the target cell 62 is only 10x10 mm . As noted above, 

55 light sensitive cells can be very expensive, and the cost 
increases dramatically for larger sizes. A 10 mm square 
cell is relatively inexpensive in view of the larger volume 
of production. Larger cells are not made in the same vol- 
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ume, and hence are significantly more expensive. Thus, 
the target assembly 60 described and illustrated above 
has the advantages of a much more costly target having 
a large target cell even though a much less expensive 
smaller target cell 62 is provided. Furthermore, a cost 5 
savings is achieved by having a single target cell 62 per- 
form the function that might otherwise require two sep- 
arate cells. 

[0033] The lens 64 is a plano-concave lens with a po- 
larizing sensitive 50%-50% beam splitter coating 70 on io 
the plane or flat side of the lens 64. The polarizing sen- 
sitive coating will transmit almost 1 00% of P polarization 2. 
and almost totally reflect S polarization. The plane of 
polarization of both the first and second beams are ro- 
tated so that approximately 1 00% of their light is trans- is 
mitted. 

[0034J In this embodiment, a quarter wave plate 68 is 
aluminum, Al, coated on the back to form a mangrin mir- 
ror 66, as shown in FIG . 4. A quarter wave plate will take 
a plane polarized beam and turn it into a circularly po- 20 
larized beam. Upon reflection, the beam will change 
"hand" from right circularly polarized to left hand. As the 
second beam passes again through the quarter wave 3. 
plate, it is changed from circularly polarized light back 

to linear, but rotated 90°. The second beam then reflects 25 
nearly 1 00% off the back of the lens and so to focus on 
the cell. 

[0035] Target assembly 60 described and illustrated 4. 
above provides a more compact package than was pre- 
viously available. Additionally, the combination of optical 30 
components increases the effective range of the target 
cell 62 for center readings at no increase in cell size or 
cost. Use of the smaller cell results in a much higher 
resolution system which in turn produces a more accu- 5. 
rate measurement of center and angle. 35 
[0036] While the invention has been described with 
respect to a preferred embodiment, it is apparent that 
various changes can be made without departing from 
the scope of the invention as defined by the appended 
claims. ' 40 



Claims 

1 . A laser alignment system comprising: 45 

al least first and second lasers disposed for 
generating at least first and 
second laser beams aligned substantially par- 
allel to one another; 50 
a control system for sequentially powering the 
lasers; 

a target assembly comprising a light sensitive 
target cell operative for producing electrical sig- 
nals indicative of locations at which one of said 55 
first and second laser beams impinges on said 
target cell, said target cell being disposed sub- 
stantially in alignment with the first laser beam 



such that signals produced by the target cell in 
response to the first laser beam identify dis- 
placement data of the target cell relative to the 
first laser beam, the target assembly further in- 
cluding at least one mirror disposed for reflect- 
ing the second laser beam onto the target cell, 
impingement of the second laser beam on the 
target cell providing angular alignment data for 
identifying angular alignments of the target cell 
relative to the second laser beam. 

A laser alignment system as in claim 1 , further com- 
prising a beam splitter, said beam splitter being dis- 
posed substantially in alignment between said first 
laser and said target cell wherein said first laser 
beam passes through said beam splitter to impinge 
said target cell, said beam splitter is angularly 
aligned relative to axes of said first and second laser 
beams and is substantially parallel to said mirror j 
whereby said beam splitter reflects said second la- 
ser beam from said mirror onto said target cell. 

A laser alignment system as in one of the preceding 
claims further comprising a filter, said filter being 
disposed substantially between said second laser 
and said mirror. 

A laser alignment system as in one of the preceding 
claims, further comprising a focusing lens for focus- 
ing said second laser beam, said lens being dis- 
posed substantially between said second laser and 
said mirror. 

A laser alignment system as in claim 4, wherein said 
focusing lens comprises a focal length. 

A laser alignment system as in claim 4 or 5, wherein 
a combined optical distance from said lens to said 
mirror, from said mirror to said beam splitter and 
from said beam splitter to said target cell is substan- 
tially equal to said focal length of said lens. 

A laser alignment system as in one of the preceding 
claims, further comprising a third laser disposed for 
generating a third laser beam substantially parallel 
to the first and second laser beams, the third laser 
beam being connected lo the control system such 
that the control system sequentially powers the first, 
second and third lasers, the target assembly com- 
prising at least a second mirror reflecting the third 
laser beam onto the target cell. 

A laser alignment system as in claim 7, further com- 
prising a first and second beam splitter correspond- 
ing to each said first and second mirrors. 

A laser alignment system as in claim 8, wherein said 
first beam splitter is angularly aligned relative to an 
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axis of said second laser beam and is substantially 
parallel to said first mirror, whereby said first beam 
splitter reflects said second laser beam from said 
first mirror onto said target cell. 

10. A laser alignment system as in claim 8 or 9, wherein 
said second beam splitter is angularly aligned rela- 
tive to an axis of said third laser beam and is sub- 
stantially parallel to said second mirror, whereby 
said second beam splitter reflects said third laser 
beam from said second mirror onto said target cell. 

1 1 . The laser alignment system as in one of the preced- 
ing claims, further comprising a disposed such that 
the first and second laser beams pass through the 
lens, the first laser beam passing centrally through 
the lens such that the lens partly focuses the first 
laser beam, the lens reducing cross-sectional di- 
mensions or the first laser beam impinging on the 
light sensitive target cell, thereby effectively in- 
creasing dimensions of the light sensitive target cell 
relative to the first laser beam. 

12. The laser alignment system of claim 11 , wherein the 
lens is a planolens haying a planar surface facing 
the light sensitive target cell, the planar face of the 
lens being coated with a polarizing beam splitter, 
said beam splitter reflects said second laser beam 
from said mirror onto said target cell. 

13. The laser alignment system of claim 11 or 12, 
wherein said lens comprises a focal length. 

14. The laser alignment system of claim 11 , 12 or 13, 
wherein a combined optical distance from said lens 
to said mirror, from said mirror to said beam splitter 
and from said beam splitter to said target cell is sub- 
stantially equal to said focal length. 

15. The laser alignment system as in one of claims 11 
to 14, wherein said mirror is Ya wave plate including 
a first and second surface, said second surface be- 
ing coated with an annular aluminum, Al, coating 
leaving a center portion dear. 

16. The laser alignment system as in one of claims 1 1 
to 15, wherein said mirror is positioned between 
said lens and said target cell, said target cell posi- 
tioned to be in contact with said clear portion of said 
mirror. 

17. The laser alignment system as in one of claims 11 
to 16, wherein an effective cell size of said target 
cell is increased by the ratio of said focal length of 
said lens divided by a distance of a nodal point of 
the lens to a surface of the target cell. 

18. A laser alignment system comprising: 



at least a first laser and a penta-prism for gen- 
erating a flat optical light plane; 
a control system for sequentially powering the 
laser, and 

5 a target assembly comprising a light sensitive 

target cell operative for producing electrical sig- 
nals indicative of locations at which said light 
plane impinges on said target cell, the target 
assembly further including a first and second 

*o mirror disposed for reflecting the light plane on- 

to the target cell such that the control system 
sequentially reads a first impingement data 
reading when said light plane is reflected from 
said first mirror, a second impingement data 

*5 reading when said light plane is aligned with 

said target cell and a third impingement data 
reading when said light plane is reflected from 
said second mirror whereby said first and third 
readings provide angular alignment data for 

20 identifying angular alignments of the target cell 

relative to the light plane and the first reading 
identifies displacement data of the target cell 
relative to the light plane. 

25 19. A laser alignment system as in claim 18, further 
comprising a first and second beam splitter corre- 
sponding to each said first and second mirrors. 

20. A laser alignment system as in claim 19, wherein 
30 said first beam splitter is angularly aligned relative 

to an axis of said light plane and is substantially par- 
allel to said first mirror, whereby said first beam split- 
ter reflects said light plane from said first mirror onto 
said target ceil. 

35 

21. A laser alignment system as in claim 19 or 20, 
wherein said second beam splitter is angularly 
aligned relative to an axis of said light plane and is 
substantially parallel to said second mirror, whereby 

40 said second beam splitter reflects said light plane 
beam from said second mirror onto said target cell. 
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(54) Laser alignment system with plural lasers for impingement on a single target 



(57) A laser alignment system is provided. The sys- 
tem includes a plurality of lasers which are sequentially 
operative for producing first and second laser beams 
that are parallel to one another. The system further in- 
cludes a target assembly. The target assembly includes 
lenses and mirrors disposed such that the first laser 
beam impinges directly on the target to provide dis- 



placement data. The second laser beam is focused and 
reflected so that the focal point of the reflected second 
beam impinges on the target. In a similar manner, a third 
parallel beam may be provided and may be focused to 
impinge on the target. Additionally, the plural laser 
beams may be substituted for by a single laser plane. 
The second and/or third beams provide alignment data, 
while the first beam provides displacement data. 
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